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1682-606X/Copyright ª 2014, TaiwanSummary Background: Advances in minimally invasive surgical techniques and instrumenta-
tion have facilitated their application in the management of hepatic tumors. However, deter-
mination of the optimal safety margin can be challenging for liver surgeons. The present study
used a case-matched analysis to evaluate the surgical margins and survival rates in patients
with liver cancer treated using either laparoscopic or traditional liver resection.
Methods: All of the enrolled patients were diagnosed with hepatocellular carcinoma (HCC) af-
ter surgical resection, which was performed according to clinical practice guidelines. The in-
dications for laparoscopy included the detection of a tumor at the anterior peripheral region of
Segments III, IV, V, and VI, with a diameter of < 5 cm. Of all the enrolled patients, 86 (63 men
and 23 women) underwent laparoscopic liver resection (Group I), whereas the remaining 91 (67
men and 24 women) underwent traditional open resection (Group II) based on case-matched
study.
Results: The resection margins were  10 mm, 5e9 mm, and  4 mm in 1 patient, 70 patients,
and 15 patients in Group I and 3 patients, 41 patients, and 47 patients in Group II, respec-
tively. The safety margin was  10 mm in 15 Group I patients (17.4%) and 47 Group II patients
(51.6%), respectively, (p Z 0.001). The feasibility of wide resection was probably limited by
the location of the tumor based adjacent to the main vessels. Overall, in Group I, the 1-, 3-,
and 5-year survival rates were 84.2%, 67.3%, and 57.7% for a 5e9-mm safety margin and
93.3%, 86.7%, and 78.0% for a  10-mm safety margin, respectively; however, these differ-
ences were not statistically significant (p Z 0.139). Similarly, in Group II, no significant dif-
ferences were observed regarding the survival rates for varying safety margins (5e9 mm and
10 mm; p Z 0.57).
Conclusion: Securing an appropriate safety margin for laparoscopic liver resection while dis-
secting using laparoscopic instruments was challenging without any tactile sensation by theng authors declare no conflicts of interest.
of Gastro-Intestinal surgery, Yuan’s General Hospital, Kaohsiung 80249, Taiwan.
om.tw (C-G. Ker).
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184 C.-G. Ker et al.surgeon. Moreover, no significant differences were observed in the postoperative survival of
both Group I or II patients with a safety margin of  5 mm.
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Age 59.0  12.4 58.4  11.2 0.734
Sex
Male 72 (83.7) 67 (73.6) 0.147
Female 14 (16.3) 24 (26.4)
Section
1 segment 15 (17.4) 3 (3.3) 0.004
 2 segments 71 (82.6) 88 (96.7)
Margin
 4 mm 1 (1.2) 3 (3.3)
5e9 mm 70 (81.4) 41 (45.1) <0.001
 10 mm 15 (17.4) 47 (51.6)
Tumor size
 1.9 cm 28 (32.6) 8 (8.8) <0.001
2e5 cm 58 (67.4) 83 (91.2)
Data are presented as n (%) or mean  SD.1. Introduction
Hepatocellular carcinoma (HCC) is one of the prevalent
diseases in Taiwan.1 An increasing number of current clin-
ical reports have deemed laparoscopic hepatic surgery as a
feasible procedure. The laparoscopic approach has been
used for liver resection in liver cancer since 1998 in our
hospital.2,3 Subsequently, several advances in this mini-
mally invasive surgical technique and instrumentation have
facilitated laparoscopic surgery as one of the surgical pro-
cedures of choice for liver cancer.4,5 Particularly, laparo-
scopic ultrasound could be used for tumor staging, which
could be considerably beneficial in avoiding an unnecessary
laparotomy even in patients undergoing a complete pre-
operative work-up. In addition, in our experiences, lapa-
roscopic examination and laparoscopic ultrasonography
were indispensable for identifying an appropriate safety
margin through the precise determination of the segmental
tumor location and the distance of the tumor from the
adjacent vascular or biliary structures.
No significant differences were observed in the overall
survival and disease-free survival rates in patients with HCC
who underwent a major or limited open resection.6 Shi-
mada et al7 reported that a major hepatectomy was not
recommended for patients with a solitary small HCC with a
diameter of  3 cm in diameter. In our previous study, no
significant differences were observed between the overall
survival rates of patients with HCC who underwent a major
(2 segments) or minor ( 1 segment) hepatectomy with
laparoscopic liver resection.3 Nevertheless, the post-
operative tumor recurrence rates in patients with HCC
remain high, with no definitive method for prevention.8 The
association of the extent of surgical resection with the
tumor recurrence and survival rates remains controversial.
Yu et al9 reported that regarding intrahepatic recurrence in
HCC in Taiwan, patients with a tumor resection margin of
<5 mm exhibited poorer prognosis than did those who un-
derwent open resection. Moreover, to date, limited studies
have discussed the results of a surgical safety margin in
patients with HCC undergoing traditional open
laparotomy.10e13
Laparoscopic liver resection has obvious advantages over
the traditional open procedure in certain patients.14,15
Because of the lack of tactile feedback during the laparo-
scopic approach, maintaining a safety margin away from
the resection plane during liver dissection is challenging.
Limited clinical studies have focused on resection margins
in patients with HCC treated using the laparoscopic
approach for liver resection. Therefore, this study con-
ducted a retrograde evaluation of the surgical margin and
survival rates in patients with HCC treated using laparo-
scopic or traditional liver resection for a tumor located atSegments II, III, IVb, V, and VI based on a case-matched
study.
2. Patients and methods
All patients were diagnosed with HCC after surgery be-
tween 1998 and 2006 and followed-up for at least 5 years.
The laparoscopic or traditional liver resection procedures
were performed following the clinical practice guidelines.
The indications for laparoscopic liver resection were tumors
at Segments II, III, IVb, V, and VI, with a diameter of <
5 cm. In total, based on the case-matched method, 86
patients (63 men and 23 women) underwent laparoscopic
liver resection (Group I), and 91 patients (67 men and 24
women) underwent traditional open resection (Group II)
during the same time period. Table 1 presents the clinical
discrepancies in the demographic factors between the two
patient groups.
Four trocars had to be inserted to achieve an optional
operative manipulation depending on the tumor location.
The abdominal pressure was maintained low (8e12 mmHg)
in addition to abdominal lifting as required. An arbitrary
laparoscopic microwave coagulation line was drawn to
determine a resection plane after laparoscopic ultrasound
examination. The necrotic plane produced by the micro-
waves was usually approximately 1-cm thick. Dissection
was initiated using a cavitational ultrasonic surgical aspi-
rator (CUSA; Valleylab Co., Colorado, USA) along the
Figure 2 Survival rates depended on the safety margin
treated by traditional approach.
Safety margin in laparoscopic liver resection for HCC 185necrotic plane to minimize bleeding where possible. The
vessels exposed during dissection were ligated using
ligating clips. Occasionally, maintaining a wide margin was
difficult because the tumor was located close to the main
veins or bile ducts. In the absence of a safety margin, the
remaining liver parenchyma was subjected to microwave
ablation for an additional depth of approximately 1 cm
after tumor removal, without injuring the main vessel or
duct where possible. The data collected included the sur-
gical margin distance, perioperative blood transfusions,
postoperative complications, and survival rates.
Continuous data were expressed as mean  standard
deviation, and the group data sets were compared using the
ManneWhitney U test. The cumulative survival rates were
calculated using the KaplaneMeier method (log-rank test)




The resection margins were  4 mm, 5e9 mm and  10 mm
in 1 patient, 70 patients, and 15 patients in Group I and 3
patients, 41 patients, and 47 patients in Group II, respec-
tively, (Table 1). In addition, the safety margin was >
10 mm in 15 (17.4%) Group I patients and 47 (51.6%) Group II
patients, respectively, (p Z 0.001). A wide resection was
limited because of the location of the tumor base adjacent
to the main vessels in certain patients. The patients
resumed a full diet 2e3 days after the surgical procedures,
and the average length of hospital stay was 5.6 days and 8.9
days for Group I and Group II patients, respectively. Seven
Group I patients (8.13%) and 24 Group II patients (26.37%)
required blood transfusion, respectively, indicating signifi-
cant differences regarding the need for blood transfusion
between the groups (p Z 0.001).
3.2. Postoperative follow-up results
The overall operative mortality rate was 0. In addition,
postoperative complications were reported in five Group I
patients (5.81%) and 19 Group II patients (20.87%),
respectively, (p Z 0.085). Postoperative transient ascites
developed in one patient but was well controlled with
medications. Figs. 1 and 2 show the survival rates accordingFigure 1 Survival rates depended on the safety margin
treated by laparoscopic approach.to the different safety margins and no significant differ-
ences were observed in the survival rates between both
groups. Four Group I patients and three Group II patients
with < 4-mm safety margins were excluded from the
evaluation. Overall, in Group I, the 1-, 3-, and 5-year sur-
vival rates were 84.2%, 67.3%, and 57.7% for a 5e9-mm
safety margin and 93.3%, 86.7%, and 78.0% for a > 10-mm
safety margin, respectively (Table 2); however, these dif-
ferences were not statistically significant (p Z 0.139).
Similarly, in Group II, no significant differences were
observed regarding the survival rates for varying safety
margins 5e9 and 10 mm; (Table 2).
4. Discussion
In addition to surgical resection, the laparoscopic approach
could be used as a staging method for HCC in patients who
are at a high risk of developing occult small nodules that
were not evident on computed tomography, as reported in
our previous study.2 We believe that the laparoscopic
approach will reduce blood loss as well as the length of
postoperative hospital stay. Intraoperative bleeding is the
most crucial concern in laparoscopic liver resection.3,13 The
resection margins should be carefully examined for peri-
operative bleeding and bile leaks through closed observa-
tions with a laparoscopic camera. The bleeding during the
dissection of liver parenchyma must be managed with a
microwave coagulator and CUSA. Usually, hemostasis canTable 2 Survival rates based on the resection margin in
hepatocellular carcinoma patients treated by laparoscopic
(Group I) and traditional (Group II) approaches.
Variable n Survival rate (%) p
1 y 3 y 5 y
Group I
 4 mm 1 100 0 0
5e9 mm 70 84.2 63.3 57.7 0.139
 10 mm 15 93.3 86.7 78.0
Group II
 4 mm 3 66.7 66.7 66.7
5e9 mm 41 84.5 75.7 72.4 0.570
 10 mm 47 95.6 85.2 78.8
Table 3 Safety margins in the operative patients with
hepatocellular carcinoma suggested from the literature.
Authors, year n Margin
(mm)
Method Country
Poon et al,25 2000 150 10 mm Traditional Hong
Kong
Sasaki et al,37 2006 218 >5 mm Traditional Japan
Tralha˜o et al,30 2007 209 >10 mm Traditional France
Yu et al,9 2007 202 >5 mm Traditional Taiwan
Buell et al,4 2008 36 >7 mm Laparoscopic USA
Santambrogio
et al,38 2009
19 >5 mm Laparoscopic Germany
Vigano et al,39 2009 64 >10 mm Laparoscopic France
Current series, 2014 86 >5 mm Laparoscopic Taiwan
186 C.-G. Ker et al.be obtained using a monopolar diathermy probe to coagu-
late small bleeders.16
Numerous factors, such as the patient’s general condi-
tion as well as the macroscopic morphology and histo-
pathological features of tumors, have prognostic
significance.17,18 An Italian study group reported that in
patients with inadequate resection margins, tumor re-
currences are almost certain.19 In Taiwan, a resection
margin of > 5 mm has been reported to adequately prevent
intrahepatic recurrence after resection of HCC.9 However,
further extension of the margin confers no additional
benefit.20 A wide resection was essential to secure a sur-
gical safety margin; however, because the space between
the tumor and the portal or hepatic veins was limited, a
wide resection was not feasible. Qin and Tang21 reported
that an extended surgical margin may not be essential for
patients with obvious liver cirrhosis. Apparently, anatomic
resection confers beneficial effects on recurrence-free
survival after hepatectomy in patients with HCC. When
the liver functional reserve is good, the extent of surgical
resection should be adequate to prolong the disease-free
survival.22,23 Although an adequate surgical margin might
exert a beneficial effect on the overall survival of patients
with HCC, most patients with HCC suffer from concomitant
liver cirrhosis, which limits the extent of surgical resection.
For patients with severe liver cirrhosis undergoing major
liver resections, the risk of mortality was high because of
the poor remnant liver function.
Achieving a wide surgical margin (> 10 mm) was not
feasible for tumors located at the portal area or close to
the main blood vessels and bile duct. No significant differ-
ences were observed in the survival rates between patients
with HCC who received liver resection with varying surgical
margins.20,21 In addition, Shimada et al7 reported that a
surgical margin of  10 mm should be secured in young
patients undergoing macroscopic curative hepatectomy for
small HCCs with no concomitant hepatitis C virus infection
or a tumor size of  25 mm considering the increased long-
term disease-free survival in such patients. Moreover, Ueno
et al24 strongly recommended anatomic resection to secure
an extended surgical margin that was located away from
the tumor margin, because this procedure favorably erad-
icated the micrometastases located away from the tumor
margins approximately 3.1  1.4 mm from the primary
tumor margin in HCC.
Several studies have confirmed surgical safety margin as
a crucial factor that influenced the survival of patients
undergoing traditional or laparoscopic liver resection
(Table 3)4,9,25,30,37e39. Occasionally, surgical safety margin
could not be secured through the laparoscopic approach.
Therefore, a surgeon must secure an expected limited
margin during tumor resection without injuring the main
vessels. Poon et al25 reported that extended liver resection
to secure an adequate resection margin width must be
performed after confirming the preservation of the main
veins, liver function, and adequate liver remnant in pa-
tients with cirrhosis. In addition, in our case series, no
significant differences were observed in the survival rates
of the patient groups with 5e9 mm and 10 mm safety
margins.
Although the status of resection margin is a crucial and
accurate predictor,26 the distance at which the resectionmargin is safe remains unknown. In the American Joint
Committee on Cancer staging (2002), a resection margin of
< 10 mm is considered to have a clinical prognostic value.27
During hepatectomy in patients with HCC, a wide distal
resection margin of 20 mm and a proximal resection margin
of 10 mm away from the edge of the primary tumor in the
direction of the portal vein flow may adequately improve
the overall and tumor-free survival.11 Reportedly, in HCC
tumors measuring 2.1e5 cm or > 5 cm in size, no significant
differences were observed in the overall survival rates for
the groups with narrow and wide resection margins.28,29
Moreover, Young et al12 identified the following predictors
of poor disease-free survival: positive resection margin
(p < 0.001), multiple tumors (pZ 0.003), and macroscopic
vascular invasion (p Z 0.015). In addition, infiltrative tu-
mors, surgical margins of < 10 mm, and blood transfusion
exhibited marked effects on the long-term survival rates of
patients with HCC.30 However, no marked differences were
observed with regard to margin status recurrence, or sur-
vival between patients undergoing laparoscopic liver
resection and those undergoing open hepatectomy.31
However, in patients with colorectal cancer and liver
metastasis, a resection margin of 1e2 mm significantly
decreased the hepatic recurrence-free survival compared
with a resection margin of > 3 mm.32 The 5-year survival
rate of patients with colorectal cancer and liver metastases
with a resection margin of < 1 mm (25%) was significantly
lower compared with the 5-year survival rate of those with
a resection margin of > 1 mm (43%) (p < 0.045); however,
no significant differences were observed in the disease-free
survival rates between both patient groups.33 In general,
the required distance of resection margin was less critical
in metastatic liver cancers than in HCC.
Patients with HCC exhibited a high recurrence rate in
the retained liver, suggesting multicentric carcinogenesis,
as described in the “seed-and-soil theory” of hep-
atocarcinogenesis of cirrhotic livers.34 Therefore, the dis-
tance of the surgical margin was not an absolute prognostic
factor. Although a positive histological margin was associ-
ated with a higher incidence of postoperative recurrence,
in most patients, this was related to an underlying venous
invasion or microsatellites. Most intrahepatic recurrences
were considered to originate from intrahepatic metastases
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vented by securing a wide resection margin. Thus, the
biological nature of the tumor was the key and not the
distance of the surgical margin. In a molecular biological
study,35 the presence of CDKN2A methylation patterns in
the surgical margins was 35% in negative margins histolog-
ically, and this might be valuable in evaluating the cellular
origin of recurrent carcinomas. Therefore, the recurrence
of HCC depended not only on the distance of the surgical
margin, but also the biological behavior of the hepatic
microenvironment. Therefore, a disease-free margin
(macroscopic or microscopic) can only ensure short-term
safety.
How can we ensure the safety of the remnant liver
margin when the safety cannot be determined at the time
of the surgical procedure? The application of a saline-linked
dissecting device on the in situ margins after tumorectomy
could induce a substantial heat-zone area ranging from
10 mm to 13 mm with a regressive heat gradient, which
usually destroys a majority of the affected cells.36 These
observations could help to reduce marginal recurrence,
particularly in patients undergoing liver resections for ma-
lignancy. Microwave ablation for an additional depth of
5e10 mm on the remnant liver parenchyma after tumor
removal may be beneficial when the surgical specimen
exhibits an inadequate gross resection margin. In conclu-
sion, although securing a safety margin during dissection
with laparoscopic instruments is challenging without any
tactile sensation by the surgeon, minimally invasive surgery
is definitely beneficial for patients. No significant differ-
ences were observed in the survival rates of patients with
HCC who underwent laparoscopic and traditional liver
resection with a > 5-mm safety margin. However, the
absence of statistical significance may be attributed to the
number of patients enrolled in our case series.References
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